Objective: To compile curves for Body Mass Index (BMI) for Italian children and adolescents. Design: Cross sectional study. Setting: All primary and secondary schools of Verona, Italy between October 1986 and January 1987. Subjects: 20 796 males and 21 073 females children, aged 3-19 y. Methods: Weight and height were measured using Salus balances, and age in days was calculated between the date of measurement and that of birth: centiles of BMI by age were calculated by the LMS method of Cole (1990) . Results: The centiles obtained were similar to those obtained in UK by Cole et al, 1995. Compared to Cachera's data for France and Hammer's for USA, our BMI values are higher, though closer to the American than the French ones.
Introduction
Body composition can be assessed by either elaborate methods or anthropometry. The methods generally used for estimating adiposity either have high costs and high precision such as DEXA, TOBEC, K40, RMN, etc., or low costs and low precision such as anthropometry. Anthropometric measurements are used either directly or as indices or in regression equations. Indirect measures of adiposity, such as skinfold thickness and weight for height indices, are often used as proxy measures of adiposity or as criteria for defining obesity. One such indicator, Quetelet's Index (Wt/ Ht 2 ) (Quetelet, 1871) , also known as Body Mass Index (BMI), has been shown to be more valid than Wt/Ht or Wt/ Ht 3 in children (Rolland-Cachera et al, 1982) , and has been adopted in adults (Garrow and Webster, 1985) . Obesity is defined as an excess of fat, and the obese child runs an increase risk of becoming an obese adult (Dietz, 1986) . Many studies have established that obesity is associated with metabolic disturbances, such as hyperinsulinemia, hyperlipemia, cardiovascular disease and cancer (Abraham et al, 1971; Le Marchand et al, 1988) . Body composition changes with the stages of growth, adulthood and ageing. As opposed to traditional growth charts, the BMI curve reflects the real changes of the child's body shape and fatness during growth. Recently, Cole (1990) recommended that BMI be used for all ages. In fact he claims that BMI is well correlated with body fat at all ages. It has been observed, however, that the distribution of BMI varies considerably with age (Rolland-Cacherà et al, 1991) . Rolland-Cachera et al in France, and recently Cole (Cole et al, 1995) in the UK have shown that centiles and standard deviation (Z) scores of BMI can be obtained if Cole's LMS method (Cole, 1990 ) is used, where L, M and S are respectively the age-dependent exponent, mean and coefficient of variation. Sufficient data are therefore required to estimate L, M and S for each age group, say at least 100 of each age group. In this study of our town's population, the number of subjects was high, thus ensuring that the data could obtain valid centiles and related curves through Cole's method, which at the present time is the most suitable for our purposes.
Methods
The data used to construct the curves were based on measurements obtained from all the primary and secondary schools in the Verona area. The data concerning the ages 3-19 y were obtained in the period October 1986-January 1987. A questionnaire to collect personal and family informations was completed for each subject. Weight and height were measured during interviews using Salus (Milan) balances. Weight was measured either in under clothes or adjusted for clothing weight, while height was measured with the head in the Frankfort plane. The number used in this study was 41 869 (20 796 males and 21 073 females). The age in days was calculated between the date of measurement and that of birth. They were subdivided into quarter-year age groups, each group containing over 100 subjects (an average of 322 per group). Each computation always took into consideration the correct value of the mean age (expressed in months for case consultation) for subsets of data. Standard deviation was corrected, taking 
A L u c i a n o e t a l one to draw smooth curves of L, M and S. The smooth spline of the S-Plus programme (Statistical Science, 1994) was used to determine the age distribution of the average BMI and the relative centiles. The LMS method also converts Wt/Ht 2 values in individuals to Z-scores and centiles. The formula to obtain the Z-scores is given by:
where Z is the Z-score, Q is the observed Wt/Ht 2 , L the power, M the median and S the coefficient of variation for each age and sex group. The Z-scores, once known, can be converted to a centile using normal distribution tables.
Results
Figures 1 and 2 show the changes in BMI for males and females aged 3-19 y. From the curves we note that BMI gradually increases from around the ages of 6 up to 14, at which point female weight diminishes slightly and then plateaus; that of the males, on the other hand, increases steadily though slowly. At 3 y the mean BMI value for males and females is c. 16; until 12 y it remains approximately equal in both sexes; at 19 y it is 22 for males and 19 for females. With the power (L) of 1 indicating a normal distribution, in Figure 3 we note variations ranging from ÿ 0.6 to ÿ 2.6 during the pediatric age under study. As for the coefficient of variation (S) of Wt/Ht 2 (Figure 3) , the variability ranges from 6.7 to 15%. Table 1 shows the subject groups analysed using the data for age (months), number of subjects, the mean, standard deviation and the exact values of L, M and S.
Discussion
This study aims to describe the changes in BMI in the pediatric age. The data obtained give a picture of the situation for the ages ranging between 3 and 19 y. Crosssectional studies can provide a record of the nutritional status for a precise period and for a specific population. In our case we measured children and adolescents of the Verona area through their growth in weight and height.
Owing to the important strategic position it occupies (for historical and geographical reasons), Verona has been the frequent target of immigration from the various Italian regions. Recent statistics, drawn up at more or less the same time as the collection of our data, showed that only 55% of the resident population was born in Verona, while the remaining 45% is from various parts of Italy (Annuario Statistico, 1989) . Furthermore, many of those born in Verona in their turn come from families that had previously immigrated, so we may reasonably claim that our data are sufficiently representative of the Italian population as a whole. Though children with parents of other nationalities were also used, their number was insufficient to modify the results.
Whereas height has a normal distribution, with mean and standard deviations, weight is subject to numerous (Box and Cox, 1964) and the LMS method perfected by Cole, so as to obtain the centiles and respective curves. In our application of Cole's method we used a large number of subjects and three-month age groups, for it is indispensable that the centiles should give a picture of the real trend of BMI in the pediatric age. In fact, since variations between subjects in the stages of growth are known to be considerable, an accurate representation of BMI requires the groups to be both well populated and of homogeneous age. For though the excellence of Cole's method is unquestionable, its validity depends on the age groups being numerous. Each group should have no fewer than 100 subjects. The data obtained from the measurements of all the children and adolescents attending the schools of our town show both the variations in BMI during infancy and adolescence and the difference between males and females above all in the prepuberal period (with a greater increase in BMI in males). We should also note the decrease in female BMI around the age of 16 y, contrasting with the continued increase in males, a phenomenon particularly linked to the increase of muscular mass.
Comparing our values with those of the French study (Cachera) , there is initial agreement at the age of 3 y in both males and females. Subsequently the BMI values of our population are higher than the French ones (for example, the 10th, 50th and 90th centiles for the males of 10 y are 14.5, 16.04 and 18.7 in France and 15.02, 17.37 and 21.13 in Italy). For the females until c. 6 y, the 3rd, 10th, 25th and 50th centiles are similar to those of the French population, whereas the other centiles begin to differ noticeably and increase with age right up to the upper age limit of our study. Another difference is the downward trend in our curves for 15 year-old females; in the French curves the trend is upward until 18 y, when a momentary reversal of trend is followed a subsequent increase. As for the males, after substantial agreement at the age of 3, our values gradually become higher, with a 50th centile almost always comparable to the French 75th, and all the other centiles comparable to the higher centile in the corresponding curves. In the period from 6-12 y, the 90th centile is even higher than the 97th centile of the French curves. On the other hand, our data are closer to those of Hammer (USA) (Hammer, 1991) , above all for the adolescent period, where the differences vanish from the ages of 16-19 y. Our data are more similar to those published by Cole (UK).
Though dissimilarity in the results of the different studies is inevitable, we did not expect the differences (above all those with the French study) to be so great. The similar in general shape and values of BMI centiles to those for British children than the other BMI centiles may reflect the more recent data and the numbers of subject measurements by age and sex of ours and UK information. The results show some limits of BMI in estimating nutritional status: the greater the diversity of variables influencing body weight (such as race, diet, the period and methods of measurement), the greater the differences in the results. For the centiles and curves to be useful, the data must be collected correctly and be sufficiently abundant and representative of the age under study, particularly when one is dealing with the pediatric age. And the use of the curves requires a thorough awareness of each BMI value, which must be assessed together with other simple methods or indices, such as the measurement of skinfolds and/or circumference of limbs and waist-hips. Only in this way can we obtain a sufficiently close estimate of the real nutritional status of the subject.
As regards BMI, the very nature of its data is such that it can be verified and corrected on subsequent occasions through the use of a carefully chosen sample. By this means one can evaluate changes in the population under study, describe nutritional status in well-defined periods of time and assess the factors responsible for change, with a view to taking steps against excess body weight, which, as we well know, is a risk factor in many adult pathologies. A final consideration: BMI curves show the different values of BMI in relation to age, representing one of the simplest methods for approaching an overweight subject.
